The mechanisms that control organelle size are poorly understood. Genetic analysis now shows that a NIMA-related kinase helps to regulate the size of cilia by activating disassembly of the cilium when it gets too long.
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Cilia and flagella are plasma membrane protrusions with a microtubule core that function as cellular antennae. Cilia are found on nearly all cells of the human body and have a stereotypical length in each cell type that is appropriate for their respective functions. They are dynamic organelles in which the microtubule core undergoes continuous turnover, so that length determination requires regulation of assembly and disassembly. Ciliary assembly requires intraflagellar transport (IFT), the bidirectional transport of tubulin and other components between the ciliary base and tip using molecular motors [1, 2] . Abnormal ciliary length is seen in a wide range of diseases and therefore much attention has focused on the mechanisms that regulate ciliary assembly, disassembly and IFT.
Extensive studies have explored the mechanisms responsible for assembly regulation. Ciliary assembly occurs with decelerating kinetics [3] [4] [5] and is driven by the injection of large trains of anterograde IFT cargo when cilia are short and require much additional growth. As the length nears steady state, it is fine-tuned with injections of smaller IFT trains [6] . In contrast, disassembly is thought to be both independent of retrograde IFT [7] and independent of length [3, 4, 8] . While much is known about how anterograde IFT regulates ciliary assembly, relatively little is known about the molecular mechanisms regulating disassembly. A new finding reported in this issue of Current Biology by Hilton et al. [9] makes significant headway by demonstrating that CNK2, a NIMA-related protein kinase (Nek) in Chlamydomonas reinhardtii, is part of a mechanism that senses flagellar length and regulates disassembly.
Cilia and flagella are anchored in basal bodies, which are derived from the same centriolar structure that is required for cell division. Therefore, cilia frequently resorb prior to mitotic entry, thus freeing the centrioles to participate in proliferation. Several mitotic kinases have been implicated in the coordination of ciliary disassembly and cell-cycle progression. Previous work showed that activation of the Aurora A (AurA) kinase induces ciliary disassembly via phosphorylation of a tubulin deacetylase, HDAC6, which destabilizes the microtubule core of the cilium [10] . In Chlamydomonas, an aurora-like kinase, CALK, is required for flagellar shortening and its phosphorylation state is a molecular reporter of flagellar length [11, 12] . The focus of the Hilton et al. [9] paper, CNK2, was previously shown by the same lab to regulate cell size at mitotic commitment and ciliary length [13] . CNK2 overexpression produced small cells with short flagella and CNK2 knockdown produced larger cells with long flagella. Since larger cells have more ribosomes and increased biosynthetic capacity, one might propose that the effect of CNK2 levels on flagellar length could be an indirect consequence of the alteration in cell size. However, the new results from Hilton et al. [9] suggest a more direct role in flagellar dynamics.
Interestingly, while AurA and CALK affect pre-mitotic and pre-meiotic ciliary resorption, the new study shows CNK2 does not [9] . A null mutant of CNK2, cnk2-1, has impaired flagellar resorption following treatment with chemicals known to induce flagellar shortening in Chlamydomonas, as well as during length equalization when a single flagellum is lost (long-zero response) [14] . However, the kinetics of flagellar shortening are unaltered during pre-mitotic flagellar resorption in cnk2 mutants. As previously suggested [15] , cell-cycle-associated resorption appears to involve a pathway that is independent from environmentally induced disassembly. CNK2, while important for mitotic progression and flagellar disassembly, is not important for mitotic induction of flagellar disassembly.
Hilton et al. [9] propose a model for the length regulation that involves concurrent modulation of flagellar disassembly and assembly via CNK2 and another kinase, the MAP kinase LF4. This kinase was originally identified from an analysis of mutations that affect flagellar length: lf4 mutants exhibit a very dramatic phenotype with frequently more than twice wild-type length [16] . This length increase appears to be driven by an increase in IFT [17] , which would allow a higher rate of flagellar assembly. Similar to lf4, mutations in cnk2-1 have a long flagella phenotype, but unlike lf4, the length increase in cnk2 mutants does not involve an increase in IFT and instead appears to be due to reduced flagellar disassembly. Consistent with this result, cnk2 mutant flagella show a compensatory decrease in tubulin turnover within the microtubule core of the flagella. Double mutants of lf4 and cnk2 have substantially longer flagella than either single mutation, arguing that regulation of disassembly by CNK2 normally acts to limit the length increase caused by the lf4 mutation. Importantly, lf4 mutants were found to exhibit a significantly higher basal disassembly rate compared with wild-type cells, arguing that disassembly increases when IFT increases in the lf4 mutation. The further increase in flagellar length in the lf4 cnk2 double mutant argues that the increase in disassembly in lf4 might be CNK2 dependent, and this was verified by direct experiments. The most dramatic implication of this finding is that flagellar disassembly is not length independent as previously thought. This belief was based on the observation that, when anterograde IFT is halted in a temperature-sensitive mutant of the kinesin motor FLA10, the constant turnover results in a basal disassembly rate that is length independent [8] (Figure 1A ). The new model suggests that in addition to setting the basal disassembly rate, CNK2-mediated disassembly is stimulated when flagella exceed steady-state length ( Figure 1B ).
The new model for length control involving CNK2 as a length sensor yields some testable predictions. Hilton et al. [9] propose that assembly beyond steady-state length results in CNK2 activation, given that they observed additional lengthening in cnk2 lf4 double mutants ( Figure 1B) . If this is the case, the same effect should be seen in other conditions that promote elongation past steady state, such as in other long flagella mutants as well as during treatment with lithium chloride, a compound that lengthens cilia. Similarly, if CNK2 is activated to promote disassembly This results in increased flagellar lengths in cnk2 mutants. lf4 mutants enhance assembly by increasing IFT, but the length increase is limited by CNK2-mediated disassembly as flagella grow. In the lf4 cnk2 double mutant, this limit is removed, thus allowing a further increase in length.
only when cilia have grown beyond steady-state length, conditions resulting in shorter than wild-type length flagella should have unaffected disassembly rates in the absence of CNK2. This can be tested by using cells that have regenerated their flagella to half length in the presence of the protein synthesis inhibitor cycloheximide [14] , or by using a variety of short flagella mutants [18] . Since overexpression of CNK2 results in shorter flagella and CNK2 knockdown results in long flagella, it is possible that the stimulation of disassembly requires modulation of CNK2 expression. Testing CNK2 expression levels during assembly and disassembly induced by environmental, genetic, and developmental perturbations can provide further information about its activation profile. Many Neks can also be regulated by autophosphorylation or phosphorylation by upstream kinases [19, 20] . An analysis of putative phosphorylation sites on CNK2 and development of phospho-CNK probes could produce a more sensitive readout of CNK2 activation state. Upregulation of flagellar disassembly when flagella exceed steady-state length can explain why conditions that result in excessively long flagella are exceedingly rare compared with short flagella phenotypes, which can result from any defect in coordinated IFT. Evaluation of CNK2 expression or activation under conditions producing long flagella should help to determine whether inactivation of CNK2 is a prerequisite for the development of this phenotype. Evaluating flagellar length under various conditions that induce shortening, as carried out by Hilton et al. [9] , has yielded important insights about flagellar resorption kinetics. However, such experiments measure the net length change incorporating both assembly and disassembly events. Biochemical analyses have shown that the amount of anterograde and retrograde IFT proteins within flagella actually increase during drug-induced and meiotic resorption [15] . The increased IFT complexes are, however, devoid of cargo, leaving binding sites available for retrieval of flagellar material. An analysis of IFT dynamics in real time will be useful for identifying precisely how assembly and disassembly are linked during flagellar resorption and how molecular players, including CNK2 and LF4, can alter their dependence on one another.
